Introduction {#sec1-1}
============

Hand, foot, and mouth disease (HFMD) was a common acute infectious disease in children\[[@ref1]\] caused by a group of enteroviruses, including coxsackievirus (Cox) A16, A5, A7, A9, A10, B2, B5, and enterovirus71 (EV71)\[[@ref2]--[@ref5]\] with CoxA16 being the most common etiologic agent. Its clinical manifestation was cutaneous lesions over hands, feet, and buttocks along with oral. In most instances, it was mild and self-limited over 3-5 days with no complications. However, severe complicated forms involving encephalitis, meningitis, encephalomyelitis, pulmonary edema, or circulatory failure occurred in the Fuyang HFMD outbreak in 2008.\[[@ref6]\] In the same year, the epidemic spread to other areas of Anhui province; fatal cases were the most in Anhui province so far. Of 229 severe and fatal HFMD cases, the 19 EV71-positive children died of pulmonary edema, 10 fatal HFMD cases were selected for a closer investigation. The chief causes of death were found: severe cases being escaped from early recognition; lack of detection for important indicator; fulminant pulmonary edema being not correctly assessed and severe cases being not treated timely. This was consistent with the other.\[[@ref7]--[@ref9]\] In order to detect severe cases earlier, prevent deterioration, increase the ratio of successful rescue, and reduce acute mortality and morbidity, high risk factors for severe HFMD disease were determined in this article.

Materials and Methods {#sec1-2}
=====================

Diagnostic criteria {#sec2-1}
-------------------

HFMD cases in 2008-2009 were divided into two groups according to Guidelines on the Diagnosis and Treatment of HFMD.\[[@ref10]\]

Mild cases {#sec2-2}
----------

The clinical features of the patients included acute onset, lesions over buccal, and labial mucosae, and erythematous vesicles with a red areola over palms, soles, and buttocks. They may develop cough, nasal discharge, anorexia, etc. Part of them only showed cutaneous lesions or herpangina. Most subjects recovered within a week. Some of them had atypically manifestations of cutaneous lesions.

Severe cases {#sec2-3}
------------

The subjects had the same clinical manifestation with the mild cases, but progressed rapidly. On 1-5 days of illness, neurologic complications including lethargy, drowsiness, irritability, delirium; headache, vomiting; shake of limbs, myoclonus, ocular flutter, ataxia; asthenia, seizures. Some patients presented with meningeal irritation, diminished, or disappeared tendon reflexes. Fatal cases: Children with HFMD were considered to have more serious illness if they had at least one of the following features: (1) seizures, coma or cerebral hernia; (2) respiratory distress, cyanosis, bloody frothy sputum, lung rales, etc; (3) poor peripheral perfusion such as shock.

Case definitions {#sec2-4}
----------------

The study protocol has been approved by the Ethics Committee, Anhui Medical University, Hefei, China. Written consent was obtained from each child\'s accompanying parent. A total of 369 HFMD cases from four hospitals in FuYang and HeFei (Anhui Provincial Hospital, Fuyang City People\'s Hospital, No. 2 People\'s Hospital of Fuyang and Bozhou city People\'s Hospital) in 2008-2009 were divided into two groups according to Guidelines on the Diagnosis and Treatment of HFMD. A total of 229 children were labeled as severe HFMD cases because their clinical findings were in accordance with diagnostic criteria of severe and fatal HFMD cases. A total of 140 children were classified as mild HFMD cases because their clinical findings were in accordance with diagnostic criteria of mild HFMD cases.

Risk factor analysis {#sec2-5}
--------------------

Many factors such as gender, age, clinical manifestation, laboratory findings, electroencephalogram, and imaging finding were analyzed by univariate logistic regression analyses. The high risk factors of HFMD were identified by comparing clinical and laboratory findings between severe cases and mild cases using multivariate logistic regression analyses.

Statistical analysis {#sec2-6}
--------------------

All analyses were conducted by SPSS for Windows 11.5 software package. Measurement data were presented in mean values with standard deviations (x ± s) and compared by a chi-square test. In case, count data were presented, they were compared by Student\'s *t*-test. Factors were analyzed by univariate logistic regression analyses. Statistically significant variables were then analyzed by multivariate logistic regression analyses with a significant (*P*\<0.05).

Results {#sec1-3}
=======

General data {#sec2-7}
------------

A total of 369 HFMD cases were recruited according to guidelines on the diagnosis and treatment of HFMD (published by Chinese Ministry of Health in 2010). Of 229 severe children, 147(64.19%) children were male, 82(35.81%) children were female; their mean age was (1.94±1.31) years, and 193(84.28%) cases were at age of 0-3 years old. Of 140 mild cases, 94(67.14%) cases were male, 46(32.86%) cases were female; the mean age was (4.17±2.50) years, and 60(42.8%) cases were at age of 0-3 years old. There was no significant difference in the male:female ratio between the two groups (*P*\>0.05). There was a significant difference in the age between the two groups, especially at age of 0-3 years (*P*\<0.01).

Clinical features {#sec2-8}
-----------------

### Fever {#sec3-1}

Of 229 severe cases, 222(96.9%) had fever, and 7(3.1%) had no fever. The peak range of fever was 36.7-41.0°C (mean, 38.68±0.66). A total of 34(14.8%) children had continuous high fever, and the mean duration of fever was (3.15±1.81) days. Of 140 mild cases in the control group, 135(96.4%) had fever, and 5(3.6%) had no fever. The mean peak temperature was 38.62±0.63°C. A total of 10(7.1%) children had continuous high fever, and the mean duration of fever was 1.90±0.74 days. There was no significant difference in the mean peak temperature and fever between the two groups (*P*\>0.05). However, the mean duration of fever and continuous high fever between the two groups was significant (*P*\<0.05) \[[Table 1](#T1){ref-type="table"}\].

###### 

Compared symptom and sign of HFMD between the severe and mild groups
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### Cutaneous lesions {#sec3-2}

A total of 212(92.6%) severe cases had cutaneous lesions on palms, 212(92.6%) on soles, 188(82.8%) on buttocks, and 126(55%) on oral. A total of 128(91.4%) children in the control group had cutaneous lesions on palms, 129(92.1%) on soles, 109(78.4%) on buttocks, and 70(50%) on oral. There was no significant difference in the distribution of cutaneous lesions between the two groups (*P*\>0.05) \[[Table 1](#T1){ref-type="table"}\].

### Symptom of the respiratory system {#sec3-3}

The mean respiratory rates in the severe group were 32.44±11.48 times per minute. A total of 71(31.0%) had breathlessness, 32(14.0%) respiratory distress, 19(8.3%) changes of respiratory rhythm, 40(17.5%) cyanosis, 40(17.5%) spit white, pink or bloody frothy sputum, and 54(23.6%) crackles in the lungs. The mean respiratory rates in the control group were 25.41±3.30 times per minute. A total of 25(17.9%) had breathlessness. None of mild cases had respiratory distress, respiratory rhythm change, cyanosis, bloody frothy sputum, or crackles in the lung. The mean respiratory rates and breathlessness were significantly different between the two groups (*P*\<0.01) \[[Table 1](#T1){ref-type="table"}\].

### Symptom of the gastrointestinal system {#sec3-4}

In the severe group, 45(19.7%) children felt nausea, 80(34.9%) had nonprojectile vomiting, 2(0.9%) stomach ache, 4(1.7%) diarrhea. In the control group, 32(22.9%)children felt nausea, 44(31.4%) had nonprojectile vomiting, 1(0.7%) stomachache, 2(1.4%) diarrhea. There was no significant difference in the symptom of the gastrointestinal system between the two groups (*P*\>0.05) \[[Table 1](#T1){ref-type="table"}\].

### Symptom of the nervous system {#sec3-5}

In the severe group, 212(92.6%) withdrawnness and lethargy, 162(70.7%) irritability, 28(12.2%) lethargy, 24(10.5%) coma, 26(11.4%) headaches, 39(17.0%) seizures, 10(4.4%) myoclonus, 40(17.5%) paralysis, 86(37.6%) shake of limbs, 3(1.3%) encephaledema, 60(26.2%) stiff neck, 38(16.6%) positive Babinski sign, 11(4.8%) positive Kernig sign, 15(6.6%) positive Brudzinski sign. A total of 222(96.9%) normal tendon reflexes, 6(2.6%) tendon reflexes hyperfunction, 1(0.4%) diminished tendon reflexes. A total of 213(93.0%) normal muscular tone, 4(1.7%) hypermyotonia, 12(5.2%) hypomyotonia. In the control group, 31(22.1%) withdrawnness and lethargy, 25(17.9%) irritability, 11(7.9%) lethargy, 6(4.3%) headaches, 9(6.4%) shake of limbs. None of mild cases had the symptom of coma, seizures, myoclonus, paralysis, and encephaledema, meningeal irritation, positive Babinski sign, tendon reflexes hyperfunction, or hypofunction, hypermyotonia or hypomyotonia. There was a significant difference in withdrawnness and lethargy, irritability, headache, shake of limbs between the two groups (*P*\<0.01) \[[Table 1](#T1){ref-type="table"}\].

### Symptom of the circulatory system {#sec3-6}

In the severe group, 22(9.6%) had pallor complexion, 84(36.7%) tachycardia, 12(5.2%) bradycardia, 71(31.0%) poor peripheral perfusion, 27(11.8%) cyanosis, 37.1% hypertention, and 1.3% hypotention. None of severe cases had myocarditis or arrhythmia. In the control group, 11(7.9%) had pallor complexion, 27(19.3%) tachycardia. None of mild cases had bradycardia, poor peripheral perfusion, cyanosis, myocarditis, or arrhythmia. There was a significant difference in tachycardia between the two groups (*P*\<0.01) \[[Table 1](#T1){ref-type="table"}\].

Auxiliary examination {#sec2-9}
---------------------

### Blood tests {#sec3-7}

The mean white blood cell (WBC) count in the severe group and the control group was (13.132±5.38)×10^9^/l and (7.85±4.11)×10^9^/l, respectively. There was a significant difference in WBC count between the two groups (*P*\<0.01). A total of 54(23.58%) severe cases and 9(6.43%) mild cases showed that the total leukocyte counts were both more than 17×10^9^/l. The total leukocyte count (≥17×10^9^/l) was significantly different between the two groups (*P*\<0.01) \[[Table 2](#T2){ref-type="table"}\].

###### 

The data of laboratory between severe and mild cases
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### Biochemical examination {#sec3-8}

Blood {#sec2-10}
-----

The mean blood sugar levels in the severe group and the control group were 8.22±5.08 mmol/l and 4.69±0.97 mmol/l, respectively. There was a significant difference in blood sugar between the two groups (*P*\<0.01). A total of 102(44.54%) severe cases and 16(11.43%) mild cases showed that blood sugar levels were both higher than 7 mmol/l. Blood sugar (≥7 mmol/l) was significantly different between the two groups (*P*\<0.01).

CK-MB {#sec2-11}
-----

The mean CK-MB levels in the severe group and the control group were 41.37±4.29 mmol/l and 11.11±1.36 mmol/l, respectively. There was a significant difference in the CK-MB level between the two groups (*P*\<0.01). A total of 199(66.56%) severe cases and 32(22.86%) mild cases showed that CK-MB levels were both higher than 16 mmol/l. CK-MB (≥16 mmol/l) was significantly different between the two groups (*P*\<0.01) \[[Table 2](#T2){ref-type="table"}\].

In the severe group, normal findings were shown in the liver function, kidney functions, and electrolyte. There was no significant difference between the severe and control groups (*P*\>0.05).

### Cerebrospinal fluid examination {#sec3-9}

Of 138 severe cases, 114(82.6%) cases showed that cerebrospinal fluid (CSF) pleocytosis was more than 10×10^6^/l, and in the mild HFMD patients lumbar puncture was not performed.

Physical examination in the severe group:

Chest radiograph: Of 126 severe cases, 82(65%) had increased lung markings or infectious bronchus, 34(27%) bronchopneumonia, 10(8%) exudative lesion.ECG: Of 36 severe cases, 1(2.8%) had change of T wave, 10(27.8%) sinus tachycardia.Brain magnetic resonance: Of 62 severe cases, 40(64.5%) showed normal findings, 22(35.5%) abnormal signal in the brainstem or medulla oblongata.

### Treatment and clinical outcome {#sec3-10}

In the mild group, patients were treated with virazole under home quarantine. They would see the doctor timely whenever needed. In the severe group, patients were treated with sedative, oxygen, fluid restriction, 20% mannitol in time to keep them in mild dehydration. Large dose of r-globulin (2 g/kg) was intravenous dripped in two days. High-dose intravenous methylprednisolone (15-30 mg/kg/d) was used for 3 days. Trachea cannula and positive pressure mechanical ventilation were used in 28 fatal cases with respiratory failure. The mean hospitalization of 229 severe children was (9.0±7.3) days. A total of 199(86.9%) were cured or improved, 3(1.3%) gave up treatment and left voluntarily, 27(11.8%) died.

By using the one-factor logistic regression analysis method, many factors such as age, withdrawnness, and lethargy, shake of limbs, tachycardia, total leukocyte count, blood sugar, and CK-MB were significantly associated with incidence of severe HFMD. Univariate logistic regression analysis showed that severe cases were associated with age (\<3 years), withdrawnness, and lethargy, shake of limbs, tachycardia, total leukocyte count (≥17×10^9^/l), blood sugar (≥7 mmol/l), and CK-MB (≥16 mmol/l). Moreover, age (\<3 years), withdrawnness, and lethargy, shake of limbs, WBC (≥17×10^9^/l), and CK-MB (≥16 mmol/l) were found to be high risk factors for severe cases after multivariate logistic regression analysis \[[Table 3](#T3){ref-type="table"}\].

###### 

The result of high risk factors of HFMD under logistic regression analysis
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Discussion {#sec1-4}
==========

HFMD was a common acute infectious disease in children. EV71 was one of very few viruses that caused HFMD as well as a variety of other clinical manifestations. The most important of these was serious complications including encephalitis, parencephalitis, brainstem encephalitis, myelitis, which caused significant morbidity.\[[@ref5][@ref11]--[@ref13]\] HFMD had outbroken in many countries and regions such as Japan, Switzerland, Australia, America, Malaysia, Singapore, Indian, China Taiwan, etc.\[[@ref2][@ref5][@ref14]--[@ref17]\] HFMD cases confirmed that they were mainly caused by EV71, recruited from four hospitals in FuYang, HeFei, and BoZhou during the period 2008-2009.

Almost all the severe cases had CNS involvement; some then had circulatory failure, pulmonary edema, and pneumorrhagia. The progression of the HFMD disease was very fast. The duration was about several hours, even less than 48 hours. The mortality rate was very high if it progressed to pulmonary edema. Fortunately, severe HFMD could be stopped by effective treatment without delay because the early pathological change was reversible. Early recognition of severe cases and timely intervention is key to prevent cardiorespiratory failure, increase the ratio of successful rescue, and reduce the acute mortality.

Through comparative analysis between two groups, the study showed that there were mainly patients of severe cases younger than 3 years, with continuous hyperpyrexia, withdrawnness, and lethargy, irritability, shake of limbs, breathlessness and tachycardia, total leukocyte count (≥17×10^9^/l), and blood sugar (≥7 mmol/l). It was consistent with the other reports.\[[@ref18][@ref19]\]

The primary cause of aggravation was involved in the central nervous system. The study of the deaths caused by EV71 showed that the virus could injure all the central nervous system, especially cerebellum, brainstem, and spinal.\[[@ref15][@ref20]\] EV71 invades the central nervous system through bloodstream or cranial nerves (facial nerve or glossopharyngeal nerve) on days 2-5.\[[@ref21]\] Rhombencephalitis was the primary fatal cause of many death. It showed that the patients would have rhombencephalitis when they occurred salivation, cough when drinking, myoclonus, nystagmus, and palpitate, etc. Rhombencephalitis was divided into three levels according to the clinical manifestation.\[[@ref22]\] Level 1 had myoclonus, tremor, and ataxia. Level 2 had myoclonus together with vegetative nerve functional disturbance. Level 3 had vegetative nerve functional disturbance, pulmonary edema, and hemorrhage. The clinical manifestation was rapid onset of respiratory distress, cyanosis, circulatory failure, shock, coma, absence of the pupillary light reflex, apnea, etc.

Neurogenic pulmonary edema (NPE) was the major and direct reason to give rise to death of HFMD patients.\[[@ref23]\] Autopsy and histopathology showed that pulmonary edema caused by EV71 was neurogenic.\[[@ref24]\] EV71 destroyed the very regions of the brainstem with regulatory function which stimulated the sympathetic nervous system, caused the blood vessel to contract intensely, and the bloodstream flow from systemic circulation to pulmonary circulation with little resistance. Pulmonary edema was the result of all the points mentioned together with increased pulmonary capillary.\[[@ref25]\] Almost all the deaths showed vasoconstriction, ochrodermia, cold sweat, and weak pulse besides anoxia and bloody frothy sputum. The mortality of NPE was high. Its prognosis was closely related to early treatment, mainly supporting treatment, including mechanical ventilation, oxygen supply, antisympathetic drugs, etc. Therefore, early recognition and rigorous monitoring is critical to rescue the severe HFMD patients with rhombencephalitis successfully.

According to the analysis of these data and the experience of clinical treatment, high risk factors were significantly associated with incidence of severe HFMD, including age (\<3 years), withdrawnness and lethargy, shake of limbs, WBC (≥17×10^9^/l), and CK-MB (≥16 mmol/l).
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